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1
TOUCH ORIENTATION CALCULATION

TECHNICAL FIELD

The present disclosure relates generally to capacitance-
sensing systems, and more particularly to capacitance-sens-
ing systems configured to calculate touch orientations.

BACKGROUND

Capacitance sensing systems can sense electrical signals
generated on electrodes that reflect changes in capacitance.
Such changes in capacitance can indicate a touch event (i.e.,
the proximity of an object to particular electrodes). Capaci-
tive sense elements may be used to replace mechanical but-
tons, knobs and other similar mechanical user interface con-
trols. The use of a capacitive sense eclement allows for the
elimination of complicated mechanical switches and buttons,
providing reliable operation under harsh conditions. In addi-
tion, capacitive sense elements are widely used in modern
customer applications, providing new user interface options
in existing products. Capacitive sense elements can range
from a single button to a large number arranged in the form of
a capacitive sense array for a touch-sensing surface.

Transparent touch screens that utilize capacitive sense
arrays are ubiquitous in today’s industrial and consumer mar-
kets. They can be found on cellular phones, GPS devices,
set-top boxes, cameras, computer screens, MP3 players, digi-
tal tablets, and the like. The capacitive sense arrays work by
measuring the capacitance of a capacitive sense element, and
looking for a delta in capacitance indicating a touch or pres-
ence of a conductive object. When a conductive object (e.g.,
a finger, hand, or other object) comes into contact or close
proximity with a capacitive sense element, the capacitance
changes and the conductive object is detected. The capaci-
tance changes of the capacitive touch sense elements can be
measured by an electrical circuit. The electrical circuit con-
verts the measured capacitances of the capacitive sense ele-
ments into digital values.

There are two typical types of capacitance; 1) mutual
capacitance where the capacitance-sensing circuit has access
to both electrodes of the capacitor; 2) self capacitance where
the capacitance-sensing circuit has only access to one elec-
trode of the capacitor where the second electrode is tied to a
DC voltage level. A touch panel has a distributed load of
capacitance of both types (1) and (2) and Cypress’ touch
solutions sense both capacitances either uniquely or in hybrid
form with its various sense modes.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and
not of limitation, in the figures of the accompanying drawings
in which:

FIG. 1 is a block diagram illustrating one embodiment of
an electronic system having a processing device, including
the touch orientation calculator.

FIG. 2 is a two-dimensional (2D) graph illustrating a touch
with a touch orientation according to one embodiment.

FIG. 3 is a 2D graph illustrating a touch and a touch
orientation according to another embodiment.

FIG. 4 is a flow diagram of a method of calculating a touch
orientation Of a touch according to an embodiment.

FIG. 5 is a diagram of one embodiment of a computer
system for touch orientation calculation.
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FIG. 6 is a graphical representation of a 2D image of pixels
of touch data measured on a sense array according to one
embodiment.

FIG. 7 is a graphical representation of a 2D image of pixels
of touch data measured on the sense array according to
another embodiment.

FIG. 8 is a graphical representation of a 2D image of pixels
of touch data measured on the sense array according to
another embodiment.

FIG. 9A illustrates the touch orientation calculator calcu-
lating a centroid position of the touch according to one
embodiment.

FIG. 9B illustrates the touch orientation calculator calcu-
lating a major axis length of the touch according to one
embodiment.

FIG. 9C illustrates the touch orientation calculator calcu-
lating a minor axis length of the touch according to one
embodiment.

FIG. 9D illustrates the touch orientation calculator calcu-
lating a touch orientation of the touch according to one
embodiment.

FIG. 10 illustrates the touch orientation calculator per-
forming an ellipse fitting process according to one embodi-
ment.

FIG. 11 illustrates a 2D capacitive image obtained from the
sense array that is used to calculate the touch orientation using
eigenvalues and eigenvectors.

DETAILED DESCRIPTION

In the following description, for purposes of explanation,
numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be
evident, however, to one skilled in the art that the present
invention may be practiced without these specific details. In
other instances, well-known circuits, structures, and tech-
niques are not shown in detail, but rather in a block diagram
in order to avoid unnecessarily obscuring an understanding of
this description.

Reference in the description to “one embodiment” or “an
embodiment” means that a particular feature, structure, or
characteristic described in connection with the embodiment
is included in at least one embodiment of the invention. The
phrase “in one embodiment” located in various places in this
description does not necessarily refer to the same embodi-
ment.

FIG. 1 is a block diagram illustrating one embodiment of
an electronic system 100 having a processing device 110,
including the touch orientation calculator 120. The process-
ing device 110 is configured to detect one or more touches on
a touch-sensing device, such as the capacitive sense array
125. The processing device can detect conductive objects,
such as touch objects 140 (fingers or passive styluses, an
active stylus 130, or any combination thereof. The embodi-
ments of the touch orientation calculator 120, as described
herein, can calculate a touch orientation of a touch from data
measured on the capacitive sense array 125. The touch orien-
tation calculator 120 can model the touch as an ellipse. In one
embodiment, the touch orientation calculator 120 calculates
the touch orientation by determining a major axis length of
the touch, determining a width of a signal profile, which is a
projection of the major axis on a first axis, and calculating an
inverse trigonometric function using the width and the major
axis length. In another embodiment, the touch orientation
calculator 120 calculates the touch orientation by determin-
ing a centroid position of the touch and a touch outline of the
touch, calculating perimeter distances between the centroid
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position and the touch outline, and calculating the orientation
using the largest distance value of the calculated perimeter
distances and the centroid position. In another embodiment,
the touch orientation calculator 120 calculates the touch ori-
entation by calculating eigenvalues and eigenvectors as
described below.

The touch orientation calculator 120 has the ability to
calculate aspect ratio, touch orientation (also referred to
herein as touch angle), and report these values in addition to
the centroid position of the touch. In one embodiment, the
touch orientation calculator 120 calculates a touch vector that
includes a touch orientation and aspect ratio of the touch.
These quantities may be used in advanced gestures to initiate
an action by the host processor 150 attached to the processing
device 110. It should also be noted that although a touch
vector may be computed with the touch orientation and the
aspect ratio, the touch vector may include other values, or
those values may be reported separately and not part of a
touch vector. Although the embodiments described herein are
described in the context of capacitive sensing, the embodi-
ments may also be used in optical sensors. For example,
optical sensors may be used to obtain touch data, and the
touch orientation calculator can process the touch data to
calculate the touch orientation, aspect ratio, or the like.

There are some conventional solutions that may be able to
calculate and report the touch angles o' 0° and 90°, but cannot
calculate and report the touch angles between 0° and 90°.
Also, these conventional solutions do not calculate and report
aspect ratios.

In one embodiment, the touch orientation calculator 120 is
implemented in firmware of the processing device 110. In
another embodiment, the touch orientation calculator 120 is
implemented in software, hardware, or any combination
thereof. In another embodiment, the touch orientation calcu-
lator 120 is implemented as part of a gesture recognition tool
that calculates and reports gestures. In another embodiment,
the touch vector is calculated by the touch orientation calcu-
lator 120 and sent as raw data to the host processor 150. In
another embodiment, the touch orientation calculator 120 can
be implemented on the host, and the capacitive-sensing cir-
cuit 101 obtains the touch data and sends the touch data to the
touch orientation calculator 120 on the host processor 150.
Alternatively, other configurations are possible as would be
appreciated by one of ordinary skill in the art having the
benefit of this disclosure.

The touch coordinates and touch orientations may be used
for gesture recognition in various application. One example is
a gaming application where the touch orientation can be used
to indicate a direction (e.g. to aim a missile, etc) without the
need to move the finger. Another example of touch vector
application is a rotation implementation, where the user can
rotate an image by a required angle. The touch vector can also
be used in zoom-gesture applications. For example, a light
touch with circular finger print has an aspect ratio of one, and
it could represent normal view of an image (no-zoom), and as
the finger touch is flattened on the touch sensor, the aspect
ratio keeps growing, and its value can be used to zoom in or
out the image. Some conventional solutions could use com-
plex image processing to figure out the touch orientation. The
embodiments described herein may calculate the touch ori-
entation quicker and with less computational resources than
conventional image processing. It should also be noted that
the embodiments described herein use oval shapes for
examples of computing the touch position, the touch orienta-
tion, or the like. However, as long as the touch objects produce
simple geometries, such a square or a rectangle, the touch
orientation calculator 120 can calculate the touch orientation.
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For example if the object has a rectangular foot print, the
touch orientation calculator 120 can still count the number of
touched pixels in the foot print and figure out the dimensions
of' the rectangle and thus its orientation. Additional details of
the computations by the touch orientation calculator 120 are
described below with respect to FIGS. 2-11.

Electronic system 100 includes processing device 110,
capacitive sense array 125, stylus 130, host processor 150,
embedded controller 160, and non-capacitive sense elements
170. The capacitive sense elements are electrodes of conduc-
tive material, such as copper. The sense elements may also be
part of an ITO panel. The capacitive sense elements can be
configured to allow the capacitive-sensing circuit 101 to mea-
sure self capacitance, mutual capacitance, or any combina-
tion thereof. In the depicted embodiment, the electronic sys-
tem 100 includes the capacitive sense array 125 coupled to the
processing device 110 via bus 122. The capacitive sense array
125 may include a multi-dimension capacitive sense array.
The multi-dimension sense array includes multiple sense ele-
ments, organized as rows and columns. In another embodi-
ment, the capacitive sense array 125 operates as an all-points-
addressable (“APA”) mutual capacitive sense array. In
another embodiment, the capacitive sense array 125 operates
as a coupled-charge receiver. In another embodiment, the
capacitive sense array 125 is non-transparent capacitive sense
array (e.g., PC touchpad). The capacitive sense array 125 may
be disposed to have a flat surface profile. Alternatively, the
capacitive sense array 125 may have non-flat surface profiles.
Alternatively, other configurations of capacitive sense arrays
may be used. For example, instead of vertical columns and
horizontal rows, the capacitive sense array 125 may have a
hexagon arrangement, or the like, as would be appreciated by
one of ordinary skill in the art having the benefit of this
disclosure. In one embodiment, the capacitive sense array 125
may be included in an ITO panel or a touch screen panel.

The operations and configurations of the processing device
110 and the capacitive sense array 125 for detecting and
tracking the touch object 140 and stylus 130 are described
herein. In short, the processing device 110 is configured to
detect a presence of the touch object 140, a presence of a
stylus 130 on the capacitive sense array 125, or any combi-
nation thereof. The processing device 110 may detect and
track the stylus 130 and the touch object 140 individually on
the capacitive sense array 125. In one embodiment, the pro-
cessing device 110 can detect and track both the stylus 130
and touch object 140 concurrently on the capacitive sense
array 125. If the touching object is an active stylus, in one
embodiment, the active stylus 130 is configured to operate as
the timing “master,” and the processing device 110 adjusts the
timing of the capacitive sense array 125 to match that of the
active stylus 130 when the active stylus 130 is in use. In one
embodiment, the capacitive sense array 125 capacitively
couples with the active stylus 130, as opposed to conventional
inductive stylus applications. It should also be noted that the
same assembly used for the capacitive sense array 125, which
is configured to detect touch objects 140, is also used to detect
and track a stylus 130 without an additional PCB layer for
inductively tracking the active stylus 130.

In the depicted embodiment, the processing device 110
includes analog and/or digital general purpose input/output
(“GPIO”) ports 107. GPIO ports 107 may be programmable.
GPIO ports 107 may be coupled to a Programmable Intercon-
nect and Logic (“PIL”), which acts as an interconnect
between GPIO ports 107 and a digital block array of the
processing device 110 (not shown). The digital block array
may be configured to implement a variety of digital logic
circuits (e.g., DACs, digital filters, or digital control systems)
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using, in one embodiment, configurable user modules
(“UMSs”). The digital block array may be coupled to a system
bus. Processing device 110 may also include memory, such as
random access memory (“RAM”) 105 and program flash 104.
RAM 105 may be static RAM (“SRAM?”), and program flash
104 may be a non-volatile storage, which may be used to store
firmware (e.g., control algorithms executable by processing
core 102 to implement operations described herein). Process-
ing device 110 may also include a memory controller unit
(“MCU”) 103 coupled to memory and the processing core
102.

The processing device 110 may also include an analog
block array (not shown). The analog block array is also
coupled to the system bus. Analog block array may also be
configured to implement a variety of analog circuits (e.g.,
ADCs or analog filters) using, in one embodiment, config-
urable UMs. The analog block array may also be coupled to
the GPIO 107.

Asillustrated, capacitance-sensing circuit 101 may be inte-
grated into processing device 110. Capacitance-sensing cir-
cuit 101 may include analog I/O for coupling to an external
component, such as touch-sensor pad (not shown), capacitive
sense array 125, touch-sensor slider (not shown), touch-sen-
sor buttons (not shown), and/or other devices. The capaci-
tance-sensing circuit 101 may be configured to measure
capacitance using mutual capacitance sensing techniques,
self capacitance sensing technique, charge coupling tech-
niques or the like. In one embodiment, capacitance-sensing
circuit 101 operates using a charge accumulation circuit, a
capacitance modulation circuit, or other capacitance sensing
methods known by those skilled in the art. In an embodiment,
the capacitance-sensing circuit 101 is of the Cypress TMA-
3xx family of touch screen controllers. Alternatively, other
capacitance-sensing circuits may be used. The mutual capaci-
tive sense arrays, or touch screens, as described herein, may
include a transparent, conductive sense array disposed on, in,
orunder either a visual display itself (e.g. LCD monitor), or a
transparent substrate in front of the display. In an embodi-
ment, the TX and RX electrodes are configured in rows and
columns, respectively. It should be noted that the rows and
columns of electrodes can be configured as TX or RX elec-
trodes by the capacitance-sensing circuit 101 in any chosen
combination. In one embodiment, the TX and RX electrodes
of the sense array 125 are configured to operate as a TX and
RX electrodes of a mutual capacitive sense array in a first
mode to detect touch objects, and to operate as electrodes of
a coupled-charge receiver in a second mode to detect a stylus
on the same electrodes of the sense array. The stylus, which
generates a stylus TX signal when activated, is used to couple
charge to the capacitive sense array, instead of measuring a
mutual capacitance at an intersection of a RX electrode and a
TX electrode (a sense element) as done during mutual capaci-
tance sensing. An intersection between two sense elements
may be understood as a location at which one sense electrode
crosses over or overlaps another, while maintaining galvanic
isolation from each other. The capacitance-sensing circuit
101 does not use mutual capacitance or self-capacitance sens-
ing to measure capacitances of the sense elements when per-
forming a stylus sensing. Rather, the capacitance-sensing
circuit 101 measures a charge that is capacitively coupled
between the sense array 125 and the stylus as described
herein. The capacitance associated with the intersection
between a TX electrode and an RX electrode can be sensed by
selecting every available combination of TX electrode and
RX electrode. When a touch object, such as a finger or stylus,
approaches the capacitive sense array 125, the object causes a
decrease in mutual capacitance between some of the TX/RX
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electrodes. In another embodiment, the presence of a finger
increases the coupling capacitance of the electrodes. Thus,
the location of the finger on the capacitive sense array 125 can
be determined by identifying the RX electrode having a
decreased coupling capacitance between the RX electrode
and the TX electrode to which the TX signal was applied at
the time the decreased capacitance was measured on the RX
electrode. Therefore, by sequentially determining the capaci-
tances associated with the intersection of electrodes, the loca-
tions of one or more inputs can be determined. It should be
noted that the process can calibrate the sense elements (inter-
sections of RX and TX electrodes) by determining baselines
for the sense elements. It should also be noted that interpola-
tion may be used to detect finger position at better resolutions
than the row/column pitch as would be appreciated by one of
ordinary skill in the art having the benefit of this disclosure. In
addition, various types of centroid algorithms may be used to
detect the center of the touch as would be appreciated by one
of'ordinary skill in the art having the benefit of this disclosure.

In an embodiment, the electronic system 100 may also
include non-capacitive sense elements 170 coupled to the
processing device 110 via bus 171 and GPIO port 107. The
non-capacitive sense elements 170 may include buttons, light
emitting diodes (“LEDs”), and other user interface devices,
such as a mouse, a keyboard, or other functional keys that do
not use capacitance sensing. In one embodiment, buses 122,
and 171 are embodied in a single bus. Alternatively, these
buses may be configured into any combination of one or more
separate buses.

Processing device 110 may include internal oscillator/
clocks 106 and communication block (“COM”) 108. In
another embodiment, the processing device 110 includes a
spread spectrum clock (not shown). The oscillator/clocks
block 106 provides clock signals to one or more of the com-
ponents of processing device 110. Communication block 108
may be used to communicate with an external component,
such as a host processor 150, via host interface (“I/F”) line
151. Alternatively, processing device 110 may also be
coupled to embedded controller 160 to communicate with the
external components, such as host processor 150. In one
embodiment, the processing device 110 is configured to com-
municate with the embedded controller 160 or the host pro-
cessor 150 to send and/or receive data.

Processing device 110 may reside on a common carrier
substrate such as, for example, an integrated circuit (“IC”) die
substrate, a multi-chip module substrate, or the like. Alterna-
tively, the components of processing device 110 may be one
or more separate integrated circuits and/or discrete compo-
nents. In one exemplary embodiment, processing device 110
is the Programmable System on a Chip (PSoC®) processing
device, developed by Cypress Semiconductor Corporation,
San Jose, Calif. Alternatively, processing device 110 may be
one or more other processing devices known by those of
ordinary skill in the art, such as a microprocessor or central
processing unit, a controller, special-purpose processor, digi-
tal signal processor (“DSP”), an application specific inte-
grated circuit (“ASIC”), a field programmable gate array
(“FPGA”), or the like.

It should also be noted that the embodiments described
herein are not limited to having a configuration of a process-
ing device coupled to a host, but may include a system that
measures the capacitance on the sensing device and sends the
raw data to a host computer where it is analyzed by an appli-
cation. In effect, the processing that is done by processing
device 110 may also be done in the host.

Capacitance-sensing circuit 101 may be integrated into the
IC of the processing device 110, or alternatively, in a separate
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IC. Alternatively, descriptions of capacitance-sensing circuit
101 may be generated and compiled for incorporation into
other integrated circuits. For example, behavioral level code
describing the capacitance-sensing circuit 101, or portions
thereof, may be generated using a hardware descriptive lan-
guage, such as VHDL or Verilog, and stored to a machine-
accessible medium (e.g., CD-ROM, hard disk, floppy disk,
etc.). Furthermore, the behavioral level code can be compiled
into register transfer level (“RTL”) code, a netlist, or even a
circuit layout and stored to a machine-accessible medium.
The behavioral level code, the RTL code, the netlist, and the
circuit layout may represent various levels of abstraction to
describe capacitance-sensing circuit 101.

It should be noted that the components of electronic system
100 may include all the components described above. Alter-
natively, electronic system 100 may include some of the
components described above.

In one embodiment, the electronic system 100 is used in a
tablet computer. Alternatively, the electronic device may be
used in other applications, such as a notebook computer, a
mobile handset, a personal data assistant (“PDA”), a key-
board, a television, a remote control, a monitor, a handheld
multi-media device, a handheld media (audio and/or video)
player, a handheld gaming device, a signature input device for
point of sale transactions, an eBook reader, global position
system (“GPS”) or a control panel. The embodiments
described herein are not limited to touch screens or touch-
sensor pads for notebook implementations, but can be used in
other capacitive sensing implementations, for example, the
sensing device may be a touch-sensor slider (not shown) or
touch-sensor buttons (e.g., capacitance sensing buttons). In
one embodiment, these sensing devices include one or more
capacitive sensors. The operations described herein are not
limited to notebook pointer operations, but can include other
operations, such as lighting control (dimmer), volume con-
trol, graphic equalizer control, speed control, or other control
operations requiring gradual or discrete adjustments. It
should also be noted that these embodiments of capacitive
sensing implementations may be used in conjunction with
non-capacitive sensing elements, including but not limited to
pick buttons, sliders (ex. display brightness and contrast),
scroll-wheels, multi-media control (ex. volume, track
advance, etc) handwriting recognition, and numeric keypad
operation.

FIG. 2 is a two-dimensional (2D) graph 200 illustrating a
touch 202 and a touch orientation according to one embodi-
ment. The graph 200 represents a touch surface of a sense
array and corresponding touch data of the touch 202. The
touch 202 has an elliptical shape with a major axis length (a)
204 and a minor axis length (b) 206. The touch 202 has a
touch coordinate in the 2D graph. The touch orientation cal-
culator 120 can calculate the touch coordinate, such as using
a centroid calculation that calculates the touch coordinate of
the centroid position of the touch 202. Alternatively, the touch
coordinate can be calculated by another tool, and can be an
input to the touch orientation calculator 120. However,
because the touch 202 is not vertical or horizontal at 0° or 90°,
the touch 202 has a touch orientation, as indicated by a touch
angle 208. The touch angle 208 can be an arbitrary angle
between 0° or 90°. Of course, the touch orientation calculator
120 can also determine the touch angle 208 to be 0° or 90°. In
this embodiment, the touch angle 208 is with respect to an
X-axis of the graph 200. Of course, the touch angle 208 can be
determined with respect to a y-axis of the graph 200. Alter-
natively, the touch angles may be between 0° or 180°, or any
arbitrary range as would be appreciated by one of ordinary
skill in the art having the benefit of this disclosure. It should
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also be noted that identical physical orientations could be
reported as 180 degrees and —90 degrees (or other values that
are physically equivalent).

The touch orientation calculator 120 can calculate an
aspect ratio of the touch 202. The aspect ratio is simply equal
to the major axis length 204 divided by the minor axis length
206

. a
(aspect ratio = 7

where a is the major axis length and b is the minor axis length.
The touch orientation calculator 120 can calculate the touch
angle 208 and the aspect ratio of the oval touch when the
touch 202 has an arbitrary orientation.

In one embodiment, the touch orientation calculator 120
can determine a touch area and a touch perimeter of the touch
202 by the following relations in equations (1) and (2):

A=n(ab) (6]

P=n(a+b) 2).

By determining the touch area and the touch perimeter of
the touch 202, the touch orientation calculator 120 can cal-
culate the major axis length 204 and the minor axis length 206
of the touch 202. For example, once the touch area and the
touch perimeter is determined, the touch orientation calcula-
tor 120 can solve for a and b using equations (1) and (2). Then
knowing a and b, the touch orientation calculator 120 can take
the ratio of a and b to get the aspect ratio.

The touch angle calculation is not as straight forward as the
aspect ratio. To get the touch angle, the touch orientation
calculator 120 can calculate a signal profile of the touch 202
and use a width (Wx) of the signal profile, which is the
projection of the major axis on the x-axis to compute an
inverse trigonometric function to determine the touch angle
208. In one embodiment, the touch orientation calculator 120
determines the signal profile in the X and Y directions as well.
The signal profiles can be used to find the widths of the
profiles in the X and Y directions, referred to as Wx and Wy,
respectively. It is clear that if the touch 202 is vertical in the
2D graph 200, i.e., the major axis of the touch 202 is parallel
to Y-axis, Wx=b and Wy=a. On the other hand, if the touch
202 is horizontal in the 2D graph 200, i.e., the major axis of
the touch 202 is parallel to X-axis, Wx=a, and Wy=b. Using
the width of profiles, the touch orientation calculator 120 can
determine if the touch angle 208 is 0 or 90°. If the touch angle
208 is anything between 0 or 90°, the touch orientation cal-
culator 120 can use Wx or Wy as well as a or b of the touch 202
to obtain the touch angle 208. For example, the touch orien-
tation calculator 120 can use Wx and a to obtain the touch
angle 208 as set forth in the following equation (3):

®

6= arccos(%).

Various embodiments of computing the touch orientation
208 using the aspect ratio and signal profiles are described
below with respect to FIGS. 4, and 6-8.

FIG. 3 is a 2D graph 300 illustrating a touch 302 and a
touch orientation 308 according to another embodiment. The
graph 300 represents a touch surface of a sense array and
corresponding touch data of the touch 302. The touch 302 has
an elliptical shape with a major axis length (a) 304 and a
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minor axis length (b) 306. The touch 302 has a touch coordi-
nate, labeled as centroid position 310. Like above, the touch
orientation calculator 120 can calculate the touch coordinate,
such as using a centroid calculation that calculates the cen-
troid position 310 of the touch 302. Alternatively, the touch
coordinate can be calculated by another tool, and can be an
input to the touch orientation calculator 120. In this embodi-
ment, touch orientation 308 is computed by the touch orien-
tation calculator 120 using another technique than described
above with respect to FIG. 2. In this embodiment, the touch
orientation calculator 120 can calculate the major axis length
304, the minor axis length 306, and the orientation 308 using
the centroid position 310. Embodiments of computing these
values are described below with respect to FIGS. 9A-9D.

In one embodiment, the touch orientation calculator 120
calculates the major axis length 304 with 4-bits of precision,
and the minor axis length 306 with 4-bits of precision. The
touch orientation calculator 120 can calculate with 7-bits of
precision with a sign bit. The touch orientation calculator 120
may include the capability to apply a scale factor or an offset
(e.g., 8-bits each) to the major axis length 304 and minor axis
length 306 in order to maximize a dynamic range of the
available bits. The touch orientation calculator 120 may
accommodate calculation and reporting for one or more fin-
gers. In one embodiment, the touch orientation calculator 120
may calculate and report touch angles on ten touches. In one
embodiment, the touch orientation calculator 120 can include
parameters such as offset for minor axis, offset for major axis,
scale for minor axis, scale for major axis, a number of fingers
to calculate touch orientation (also referred to as touch rota-
tion), IR filter setting for reported orientation, or the like.
These parameters may be configurable parameters.

In other embodiments, the touch orientation calculator 120
may be used with other touch and gesture algorithms, such as
a fat finger algorithm that handles touch data of a fat finger
touch differently than a normal finger touch. Fat finger algo-
rithm uses a larger than usual matrix to carry out the centroid
calculations. For example, if for a normal finger a 3x3 matrix
of'touch signals are used, a fat finger may use 5x5 or even 7x7
matrix to figure out the centroid position. Although the cen-
troid calculations may be different for a fat finger compared to
anormal size finger, the methods and embodiments described
here for touch orientation calculations would equally apply to
them.

FIG. 4 is a flow diagram of a method 400 of calculating a
touch orientation of'a touch according to an embodiment. The
method 400 may be performed by processing logic that may
comprise hardware (circuitry, dedicated logic, etc.), software
(such as is run on a general purpose computing system or a
dedicated machine), firmware (embedded software), or any
combination thereof. In one embodiment, the processing
device 110 performs the method 400. In another embodiment,
the touch orientation calculator 120 performs the method 400.
Alternatively, other components of the electronic system 100
perform some or all of the operations of method 400.

Referring to FIG. 4, the method 400 begins with measuring
the widths of signal profiles W and W (block 402). Next, the
processing logic determines if the major axis length (a) is
equal to the width W ;-and the minor axis length (b) is equal to
the width W (block 404). If so, the touch angle is equal to
zero (0°) (block 406), and the method 400 returns to block
402. If the conditions at block 404 are not met, the processing
logic determines if the minor axis length (b) is equal to the
width W, and the major axis length (a) is equal to the width
W, (block 408). If so, the touch angle is equal to ninety
degrees (90°) (block 410), and the method 400 returns to
block 402. If the conditions at block 408 are not met, the
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processing logic computes the touch angle using the follow-
ing equation (3) (block 412), and the method 400 returns to
block 402:

®

6= arccos(%).

The result of equation (3) includes a touch angle between
0° and 90° and represents the touch orientation of the touch.
The method 400 may be performed to calculate the touch
orientation for each of the touches when multiple touches are
detected. The method 400 may be used to determine when the
touch orientation is 0° and 90° and when the touch orientation
is an arbitrary angle between 0° and 90°. As noted above, the
touch angles may be between other ranges, such as 0° or 180°.

In this embodiment, the arccosine is used with the width of
the signal profile along X-axis (W) and the major axis length
(a) to compute the touch angle. In another embodiment, the
method may compute the touch orientation using other trigo-
nometric functions or inverse trigonometric functions. For
example, alternative application of the inverse trigonometric
functions that include a projection of the minor axis on a first
axis, or a projection of the major or minor axis on a second
axis may be used.

The flow chart of FIG. 4 shows how the touch orientation
can be determined from the touch data by the touch orienta-
tion calculator, which may be implemented in a capacitive
touch screen controller. In one embodiment, the capacitive
touch screen controller is the TrueTouch® capacitive touch-
screen controllers, such as the CYSCTMA3xx family of Tru-
eTouch® Multi-Touch All-Points touchscreen controllers,
developed by Cypress Semiconductor Corporation of San
Jose, Calif. The TrueTouch® capacitive touchscreen control-
lers sensing technology to resolve touch locations of multiple
fingers and a stylus on the touch-screens, supports leading
operating systems, and is optimized for low-power multi-
touch gesture and all-point touchscreen functionality. Alter-
natively, the touch orientation calculation features may be
implemented in other touchscreen controllers, or other touch
controllers of touch-sensing devices. In one embodiment, the
touch orientation calculation features may be implemented
with other touch filtering algorithms as would be appreciated
by one of ordinary skill in the art having the benefit of this
disclosure.

The embodiments described herein may be used in various
designs of mutual capacitance sensing arrays of the capaci-
tance sensing system, or in self-capacitance sensing arrays. In
one embodiment, the capacitance sensing system detects
multiple sense elements that are activated in the array, and can
analyze a signal pattern on the neighboring sense elements to
separate noise from actual signal. The embodiments
described herein are not tied to a particular capacitive sensing
solution and can be used as well with other sensing solutions,
including optical sensing solutions, as would be appreciated
by one of ordinary skill in the art having the benefit of this
disclosure.

FIG. 5 is a diagram of one embodiment of a computer
system for touch orientation calculation. Within the computer
system 500 is a set of instructions for causing the machine to
perform any one or more of the methodologies discussed
herein. In alternative embodiments, the machine may be con-
nected (e.g., networked) to other machines in a LAN, an
intranet, an extranet, or the Internet. The machine can be a
host in a cloud, a cloud provider system, a cloud controller or
any other machine. The machine can operate in the capacity
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of a server or a client machine in a client-server network
environment, or as a peer machine in a peer-to-peer (or dis-
tributed) network environment. The machine may be a per-
sonal computer (PC), a tablet PC, a console device or set-top
box (STB), a Personal Digital Assistant (PDA), a cellular
telephone, a web appliance, a server, a network router, switch
or bridge, or any machine capable of executing a set of
instructions (sequential or otherwise) that specify actions to
be taken by that machine. Further, while only a single
machine is illustrated, the term “machine” shall also be taken
to include any collection of machines (e.g., computers) that
individually or jointly execute a set (or multiple sets) of
instructions to perform any one or more of the methodologies
discussed herein.

The exemplary computer system 500 includes a processing
device 502 (e.g., host device 150 or processing device 110 of
FIG. 1), a main memory 504 (e.g., read-only memory (ROM),
flash memory, dynamic random access memory (DRAM)
such as synchronous DRAM (SDRAM) or DRAM
(RDRAM), etc.), a static memory 506 (e.g., flash memory,
static random access memory (SRAM), etc.), and a secondary
memory 518 (e.g., a data storage device in the form of a drive
unit, which may include fixed or removable computer-read-
able storage medium), which communicate with each other
via a bus 530.

Processing device 502 represents one or more general-
purpose processing devices such as a microprocessor, central
processing unit, or the like. More particularly, the processing
device 502 may be a complex instruction set computing
(CISC) microprocessor, reduced instruction set computing
(RISC) microprocessor, very long instruction word (VLIW)
microprocessor, processor implementing other instruction
sets, or processors implementing a combination of instruction
sets. Processing device 502 may also be one or more special-
purpose processing devices such as an application specific
integrated circuit (ASIC), a field programmable gate array
(FPGA), a digital signal processor (DSP), network processor,
orthe like. Processing device 502 is configured to execute the
instructions 526 for performing the operations and steps dis-
cussed herein.

The computer system 500 may further include a network
interface device 522. The computer system 500 also may
include a video display unit 510 (e.g., a liquid crystal display
(LCD) or a cathode ray tube (CRT)) connected to the com-
puter system through a graphics port and graphics chipset, an
alphanumeric input device 512 (e.g., a keyboard), a cursor
control device 514 (e.g., a mouse), and a signal generation
device 520 (e.g., a speaker).

The secondary memory 518 may include a machine-read-
able storage medium (or more specifically a computer-read-
able storage medium) 524 on which is stored one or more sets
of instructions 526 embodying any one or more of the meth-
odologies or functions described herein. In one embodiment,
the instructions 526 include instructions for the touch orien-
tation calculator 120. The instructions 526 may also reside,
completely or at least partially, within the main memory 504
and/or within the processing device 502 during execution
thereof by the computer system 500, the main memory 504
and the processing device 502 also constituting machine-
readable storage media.

The computer-readable storage medium 524 may also be
used to store the instructions 526 persistently. While the com-
puter-readable storage medium 524 is shown in an exemplary
embodiment to be a single medium, the term “computer-
readable storage medium” should be taken to include a single
medium or multiple media (e.g., a centralized or distributed
database, and/or associated caches and servers) that store the
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one or more sets of instructions. The term “computer-read-
able storage medium” shall also be taken to include any
medium that is capable of storing or encoding a set of instruc-
tions for execution by the machine and that cause the machine
to perform any one or more of the methodologies of the
present invention. The term “computer-readable storage
medium” shall accordingly be taken to include, but not be
limited to, solid-state memories, and optical and magnetic
media.

The instructions 526, components and other features
described herein can be implemented as discrete hardware
components or integrated in the functionality of hardware
components such as ASICS, FPGAs, DSPs or similar devices.
In addition, the instructions 526 can be implemented as firm-
ware or functional circuitry within hardware devices. Further,
the instructions 526 can be implemented in any combination
of hardware devices and software components.

FIGS. 6-11 illustrate various embodiments of calculating
the touch orientation of a touch. More specifically, FIGS. 6-8
illustrate 2D capacitive images obtained from a sense array
that are used to calculate the touch orientation. FIGS. 9A-9D
illustrate different computations made by the touch orienta-
tion calculator 120 to calculate the touch orientation. FIG. 10
illustrates another technique that uses ellipse fitting to calcu-
late the touch orientation. FIG. 11 illustrates a 2D capacitive
image obtained from the sense array that is used to calculate
the touch orientation using eigenvalues and eigenvectors.

When the capacitance-sensing circuit 101 is configured to
measure mutual capacitance of the touch-sensing device
(e.g., capacitive sense array 125), the capacitance-sensing
circuit 101 obtains a 2D capacitive image of the touch-sens-
ing device and processes the data for positional information.
In one embodiment, the touch orientation calculator 120
counts the number of pixels inside the touch ellipse and at the
border of the ellipse to compute the touch area of the touch
and the touch perimeter ofthe touch. In a further embodiment,
the touch orientation calculator 120 multiplies the pixel count
by a sense element pitch squared 8 for the touch area and by
the sense element pitch O for the touch perimeter. The sense
element pitch, also referred to as sensor pitch, is defined as the
width of the sense elements and the spacing between the sense
elements. This distance can be measured from one edge of a
sense element to the same edge of the next element. The
distance can also be measured from center of one of the sense
elements to the center of next sense element. The distance can
also be measured in other ways as would be appreciated by
one of ordinary skill in the art having the benefit of this
disclosure. It should also be noted that touch-sensing device
may have different pitch sizes on the X and Y axes; thus, two
or more values for the sense element pitch 8 can be identified.

By counting the number of pixels and multiplying it by the
pitch, the touch orientation calculator 120 can determine the
touch area A and the touch perimeter P. Once the touch area A
and the touch perimeter P are determined, the touch orienta-
tion calculator 120 can solve for the major axis length a and
the minor axis length b using the equations (1) and (2). Know-
ing a and b, the touch orientation calculator 120 can deter-
mine the aspect ratio. Also, as described above, the touch
orientation calculator 120 can use the aspect ratio to calculate
the touch orientation. For example, the touch angle calcula-
tion canuse the signal profile in the X andY directions as well.
The touch orientation calculator 120 can find the widths of the
profiles in the X and Y directions, referred to as W, and W,
respectively, as described above. It is clear that if a finger
touches the sense array vertically (long axis of the touch
parallel to Y-axis), W,=b and W ,=a. On the other hand, if the
finger touches the sense array horizontally, W y=a, and W ,=b.



US 9,304,622 B2

13

So, the width of profiles can definitely indicate if the touch
angle is 0 or 90°. If the touch angle is anything between 0 or
90°, the touch orientation calculator can use W y.or W;-as well
as a or b of the touch ellipse to calculate the touch angle. For
example, as described above, the touch angle can be calcu-
lated using equation (3).

FIG. 6 is a graphical representation of a 2D image 600 of
pixels of touch data measured on a sense array according to
one embodiment. The pixels of the 2D image 600 include a
number value representing the capacitance difference
between the measured capacitance and a baseline value. The
touch data can be represented as a matrix of the capacitance
difference values. The touch data can be processed to deter-
mine a touch perimeter 604 of a touch 602, as well as the
touch area 606 of the touch 602 by counting the pixels. In the
depicted embodiment, the pixels of the touch perimeter 604
are designated as hatched pixels and the pixels of the touch
area 606 are designated as horizontal lined pixels. The touch
orientation calculator 120 can determine a touch outline of
the touch 602 by evaluating transitions between the pixels that
have a capacitance difference value (or a capacitance differ-
ent value above a certain amount) and those pixels that do not
have any value (or a value that is below the certain amount).
In the depicted embodiment, the touch orientation calculator
120 counts 20 pixels for the touch perimeter 604. The touch
orientation calculator 120 determines the touch area 606 of
the touch 602 by counting the pixels within the touch perim-
eter 604. In the depicted embodiment, the touch orientation
calculator 120 counts 32 pixels for the touch area 606. The
touch orientation calculator 120 solves the equations (1) and
(2), resulting in the major axis length a=21 mm and the minor
axis length b=11 mm. The touch orientation calculator 120
determines the signal profiles width W, as 9 pixels, and
solves for the touch angle, resulting in the touch angle 6=36°.

It should be noted that the touch perimeter and touch area
are not smooth and is not completely elliptical. In one
embodiment, the touch orientation calculator 120 can filter
the touch data to smooth out the shape of the touch 602. For
example, the touch orientation calculator 120 can take the
average of all the nearest neighboring pixels to replace each
pixel value to smooth out the shape represented in the data.
Additional filtering can be done before or after computing the
touch perimeter and touch area of the touch 602 as part of
determining the touch outline.

FIG. 7 is a graphical representation of a 2D image 700 of
pixels of touch data measured on the sense array according to
another embodiment. The depicted embodiment illustrates
when a touch 702 is horizontal on the sense array. In the
depicted embodiment, the touch orientation calculator 120
counts 20 pixels for the touch perimeter 704. The touch ori-
entation calculator 120 determines a touch area 706 of the
touch 702 by counting the pixels within the touch perimeter
704. In the depicted embodiment, the touch orientation cal-
culator 120 counts 31 pixels for the touch area 706. The touch
orientation calculator 120 solves the equations (1) and (2),
resulting in the major axis length a=37 mm and the minor axis
length b=26 mm. The touch orientation calculator 120 deter-
mines the signal profiles width W as 7 pixels (equivalent to
37 mm), and solves for the touch angle, resulting in the touch
angle 6=0°.

FIG. 8 is a graphical representation of a 2D image of pixels
of touch data measured on the sense array according to
another embodiment. The depicted embodiment illustrates
when a touch 802 is vertical on the sense array. In the depicted
embodiment, the touch orientation calculator 120 counts 20
pixels for the touch perimeter 804. The touch orientation
calculator 120 determines a touch area 806 of the touch 802
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by counting the pixels within the touch perimeter 804. In the
depicted embodiment, the touch orientation calculator 120
counts 30 pixels for the touch area 806. The touch orientation
calculator 120 solves the equations (1) and (2), resulting in
the major axis length a=39.4 mm and the minor axis length
b=24 mm. The touch orientation calculator 120 determines
the signal profiles width Wy as 5 pixels (equivalent to 26 mm
which is approximately equal b), and solves for the touch
angle, resulting in the touch angle 8=90°.

As shown in FIGS. 6-8, the computed major axis length a
and minor axis length b for each of the touches 602, 702, and
802 is roughly consistent in the three measurements, and the
touch angles are estimated with good accuracy.

The following embodiments of FIGS. 9A-9D illustrate
another technique for calculating touch orientation.

In FIG. 9A, the touch orientation calculator 120 calculates
a location of a touch 902. In one embodiment, the touch
orientation calculator 120 determines a centroid position 904
of the touch 902, such as using a standard peak-detection
algorithm. The touch orientation calculator 120 also deter-
mines a touch outline 906 of the touch 902. In one embodi-
ment, an algorithm can be used to figuratively walk the perim-
eter of the touch 902 to determine the touch outline 906. For
example, the algorithm can log the row and column numbers
of the touch outline 906 for later processing.

Next, the touch orientation calculator 120 calculates
perimeter distances between the centroid position 904 and the
touch outline 906. In one embodiment, the touch orientation
calculator 120 computes the distance between each row-col-
umn pair in the touch outline 906 and the centroid position
904, and finds the largest distance 908 and shortest distance
910. The largest distance value 908 of the perimeter distances
is used to determine the major axis length a, as illustrated in
FIG. 9B. The major axis length a is twice the largest distance
value 908 and the largest distance value 908 is half the major
axis length. The shortest distance value 910 of the perimeter
distances is used to determine the minor axis length b, as
illustrated in FIG. 9C. The minor axis length b is twice the
smallest distance value 910 and the shortest distance value
910 is half the minor axis length.

The position with the largest distance is used to determine
both the orientation 912 and the major axis length. The major
axis length may simply be reported as twice the largest value
908. The shortest distance is used to report the minor axis
length. The minor axis length may simply be reported as twice
the shortest value 910. To compute the orientation 912 of the
touch 902, the touch orientation calculator 120 may use the
row-column pair that is measured as the farthest distance
from the centroid position 904. The orientation 912 of the
touch 902 is determined relative to the centroid position 904
with the centroid position becoming the origin. In particular,
the touch orientation calculator 120 can determine a first
difference between the y-coordinate of the centroid position
904 and the y-coordinate of the row-column pair that mea-
sures the farthest distance from the centroid position 904, and
the x-coordinate of the centroid position 904 and the x-coor-
dinate of the row-column pair that measures the farthest dis-
tance from the centroid position 904. The touch angle is the
arctan of the first distance and the second distance. The result
can be multiplied by 180 divided by = to convert to degrees.
The touch orientation 912 is the negative of the computed
touch angle.

In one embodiment, the following algorithm may be used
to calculate the touch orientation 912 using the centroid posi-
tion 904.
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1 % This code assumes a valid centroid is stored in (xCent,yCent)
for a touch
2

3 % Get the perimeter of an object

4 %(this may be done in a fat finger algorithm)
5[perimeterFrame, numCells, x, y] = GetPerimeter(shapeMask);
6

7 angles = zeros(numcCells, 1);

8 distances = zeros(numCells, 1);

9 maxDist = 0;

10 minDist = 9999;

11 maxDistIndex = 0;

12 for i = 1l:numCells,

13 distances(i) ~(yCent - y(i)) 2 +(xCent - x(i)) 2; %
actually distance 2

14

15 if distances(i) > maxDist,

16 maxDist = distances(i);

17 maxDistIndex = i;

18 end

19

20 if distances(i) < minDist,

21 minDist = distances(i);

22 end

23 end

24

25 maxDist = EmbeddedSqrt(maxDist, 7);

% maxDist = sqrt(maxDist);

26 minDist = EmbeddedSqrt(minDist, 7);

% maxDist = sqrt(maxDist);

27

28 majorAxisLength = maxDist * 2+ 1;

29 minorAxisLength = minDist * 2+ 1;

30

31 % Make sure the minimum aspect ratio is met to report
orientation

32 if (majorAxisLength < minAspectRatio * minorAxisLength),

33 orientation = 0;

34 else

35 yDIff = (yCent-y(maxDistIndex));

36 xDiff = (xCent-x(maxDistIndex));

37 angle = Embedded ArcTan( yDiff , xDiff )* 180/pi;
38 orientation = —angle;

39 end

Alternatively, other algorithms may be used to compute the
touch orientation 912 with or without the centroid position
904 as would be appreciated by one of ordinary skill in the art
having the benefit of this disclosure.

In another embodiment, the processing device is a micro-
controller that obtains a capacitance touch signal data set,
such as from a sense array, and finger detection firmware
executing on the microcontroller identifies data set areas that
indicate touches and calculates the centroid coordinates. The
firmware identifies the data elements located at the edge of the
contact, and calculates the distance between the contact area
centroid coordinates and the coordinates affiliated with each
edge element. The firmware derives the minor axis length
from the smallest distance and the major axis length from the
largest distance. The firmware also derives the major axis
angle with respect to the sense array’s Y-axis from the largest
distance’s affiliated coordinates and the centroid coordinates.
The microcontroller can report the coordinates to a host
device, as well as the touch orientation.

FIG. 10 illustrates the touch orientation calculator per-
forming an ellipse fitting process according to one embodi-
ment. In this embodiment we assume that the contour of the
touch footprint is an ellipse of the equation (4):

(X - Xo)? 4)

(¥ - ¥p)?
a? =1
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where X0 and Y0 are the XY coordinates of the center of
ellipse determined by the centroid algorithm. In this embodi-
ment first the XY coordinates of all the points on the touch
boundary are found. The coordinates of each boundary point
should satisfy Equation (4). Therefore, a and b in Equation (4)
should be such that the accumulated error due to enforcing
boundary points into Equation (4) is minimized. From Equa-
tion (4)Y can be written as a function of X, a and b, as shown
in equation (5):
Y=f(X,a,b) )
The square of the error of curve fitting at each boundary point
(Xi, Yi) is
RZ=[Y~fX,a,b)F (©).

The sum of R? values over all boundary points should be
minimized to have the best fit. This means that

2y R .
=0
da ’
3y R?
=0
ab ’
Where the above sums are over all indices “i” correspond-

ing to the boundary points. The above two partial derivatives
give two equations for two unknowns a and b which can be
solved simultaneously to yield a and b for the best fitted
ellipse. Once the a and b are calculated, the aspect ratio is
readily obtained, and the touch angle can be obtained by
Equation (1) with the help of Wx measurement.

The following embodiments describe using moments of
inertia and products of inertia to characterize the distribution
of the touch data. The embodiments described below may
provide a finer resolution in touch angle and size calculations
of the touch and may have lower jitter in the touch angle and
size calculations as compared to calculating the touch orien-
tation using the centroid position and perimeter distances.

The following embodiments describe using eigenvalues
and eigenvectors to calculate the touch orientation. In
mechanical engineering, a 3x3 matrix of products and
moments of inertia (known as the inertia tensor) describes the
distribution of mass within a 3-dimensional object. The iner-
tia tensor’s eigenvalues describe the principal moments of
inertia (a maximum, a minimum, and a mid-range value such
that all products of inertia are 0) and the corresponding eigen-
vectors describe the orientations of the principal axes, the
axes about which the object can spin in free space without
wobbling. The principal moments of inertia and principal axis
have the following special properties.

The principal axis corresponding to the maximum princi-
pal moment of inertia is the axis about which the mass is
concentrated furthest away (largest radius of gyration, the
radius of the object if all mass were concentrated at that
distance from the axis of rotation). Because of this character-
istic, changing the rotational speed about this axis requires
more effort than changing the rotational speed about either of
the other principal axes.

The principal axis corresponding to the minimum principal
moment of inertia is the axis about which the mass is concen-
trated closest (smallest radius of gyration). Because of this
characteristic, changing the rotational speed about this axis
requires less effort than changing the rotational speed about
either of the other principal axes. The inertia tensor and radius
of gyration concepts can apply to touch size (modeled as an
ellipse) and touch orientation calculation as follows.
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Instead of describing distribution of mass, the tensor
describes distribution of touch signal. The touch signal data
set is a set of “point masses.” There are methods for calculat-
ing moments and products based on a composite of point
mass contributions. Although the distribution of the signal
over a surface (the touch panel area) reduces the inertia tensor
size to 2x2, the characteristics of the eigenvectors and eigen-
values still hold. As noted above, the capacitive sense array
125 may have flat or non-flat surfaces. Additionally, the
resulting eigenvalues based on the signal distribution can be
converted to “radii of gyration” that describe touch contact
ellipse semi-axis length along each principal axis, and the
eigenvectors identify the orientation of the contact area with
respect to the panel XY axis directions.

FIG. 11 illustrates the touch orientation calculator calcu-
lating eigenvalues and eigenvectors to determine a touch ori-
entation according to one embodiment. In this embodiment,
the same sensing, finger detection, and edge detection (touch
outline) techniques described above may be used. For
example, the touch orientation calculator 120 determines a
centroid position of the touch and determines the outline of
the touch. The touch orientation calculator 120 calculates
two-dimensional moments of inertia and products of inertia
of the touch data within the touch outline. The moments of
inertia and products of inertia characterize a distribution of
the touch data. The touch orientation calculator 120 calcu-
lates eigenvalues and eigenvectors of an inertia tensor of the
moments of inertia and products of inertia. The touch orien-
tation calculator 120 calculates the touch orientation with
respect to a first axis from the eigenvector affiliated with the
largest eigenvalue. In a further embodiment, the touch orien-
tation calculator 120 can derive the minor axis length from the
smallest eigenvalue, and the major axis length from the larg-
est eigenvalue.

Given a set of processed capacitance signals {C,,...,C }
representing the contact patch and the set of xy coordinates
{50, - -+ (X, ¥,)} corresponding to the sensor location
at which each capacitance signal was obtained, the moments
and products of inertia are calculated as sums of point signal
contributions according to the following equations. In one
embodiment, the touch orientation calculator 120 uses the
following equations (8)-(10) to compute the touch orienta-
tion, major axis length, and minor axis length:

L mEC (X X o) ®);

IyyZECi(yi_ycent)z 9

I)ny:IyXZECi(xi_xcent)(yi_ycent)
where
1. is the moment of inertia about the X axis
L, is the moment of inertia about the Y axis
L, is the product of inertia about the X axis due to signal
distribution along the Y axis
L. is the product of inertia about the Y axis due to signal
distribution along the X axis
C, is the processed signal (typically capacitance difference
counts) value
X, is the X coordinate affiliated with the signal value
y; is the Y coordinate affiliated with the signal value
X, 15 the X coordinate of the touch area centroid (calcu-
lated by other means)
Y,.on 15 the Y coordinate of the touch area centroid (calcu-
lated by other means)
n is the number of {C,, x;, y;} tuples included in the calcula-
tion.
The inertia tensor is represented below in equation (11):

(10);
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[IXX —Ixy}
_Iyx Iyy '

where I is the inertia tensor, and I
above

Solution of the eigenvector/eigenvalue equations for the
inertia tensor I yields the following eignenvalues and eigen-
vectors as shown in equations (12)-(15).

an

0> Liys L, and I, are defined

Uarhy) UL P w4, (12)

Angjor =

5 ;
13
(e + Iyy) = e = Iy 4412, 13
Ainor = ;
2
Xmajor Ly a4
Vingjor = = ;
Ymajor Lo = Amgjor
and
Xiror Amgjor = Lix (15)
Vininor = = >
Yminor Ly
where A, ., 18 the maximum eigenvalue (ie. the maximum

moment of inertia), A,,,;,,., 1S the minimum eigenvalue (ie. the
minimum moment of inertia), V,,, . is the eigenvector cor-
responding to A, o5 X, 020 y,,, ., are the x axis and y axis
components of V,, ., respectively, V.., is the eigenvector
correspondingto, . . X, andy,..  arethex axisandy
axis components of' V. respectively,and [, 1,1 ,and L,
are defined above.

The touch contact ellipse dimensions may be derived from
the radius of gyration formula using the sum of the point
signals to represent the total “signal mass,” as represented in
equations (16) and (17).

minor

(16)

bngjor =

an

where 1,,,,, is the assumed touch contact ellipse semi-
major axis length, and 1,,,, . is the assumed touch contact
ellipse semi-minor axis length. 1,,,,,, and 1,,,,,,, may be mul-
tiplied by scale factors to improve their accuracy. A
Minors Ci» and n are defined above.

From these results, the size and orientation parameters can
be calculated using the following formulas in equations (18)-
(21):

major?

g o o 18)

;
bninor

a9

@ = 2hmgjor;

b =2linors 20

and
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-continued
_ Ymajor | Yminor\ | ¥ 2D
0= arctm(m] = arctan(m) + 3

where AR is the aspect ratio of the contact ellipse semi-major
axis lengths, a is the contact ellipse major axis length, b is the
constant ellipse minor axis length, 0 is the angle between the
x axis and the contact ellipse major axis (orientation). It
should be noted that, due to the symmetry of an ellipse, there
are multiple correct values of 0 that are out of phase with each
other by nx radians (where n is any integer). Restriction of the
range of 0 can be applied to determine useful results for an
application. Additionally, any filtering of 6 could compre-
hend this concept in order to prevent erroneous filter output
change as the orientation passes through a boundary of the
range of 6.

In one embodiment, for consistency, each size and orien-
tation calculation uses the same data set that the correspond-
ing centroid calculation uses (e.g., uses 5x5 input data when
5%5 centroid is calculated, and use fat finger input data set
when fat finger centroid is calculated). In a further embodi-
ment, the products and the moments of inertia can be calcu-
lated simultaneously with centroid mass moment calculation
to eliminate duplicate searches for the same data set bound-
aries (applicable to fat finger). However, the equations indi-
cate that the centroid should be known first. To enable the
simultaneous calculations above, the firmware can calculate
moments and products of inertia relative to the X and Y axis
origins and then use the following axis transfer equations to
calculate the products and moments of inertia relative to the
centroid coordinates after the centroid coordinates have been
calculated, as shown in equations (22)-(240.

n n (22)
Ly = Z Cixi2 _xzemz [&H

i=1 i=1

n n (23)
Iy=2 C¥ =Yy, Ci

i=1 i=1
and

(24)

n n
Ly =1y = Z Cix;yi _xcemycemz Ci.
=) =)

In some embodiments, edge correction may be used. Edge
correction may assume a circular touch contact area, and
generates false data. Therefore, a reliable calculation of touch
contact size and orientation near an edge may not be obtain-
able. When edge correction is invoked, the resulting angle
should be 0 and a single size value should be calculated. In
one embodiment, the maximum X or Y coordinate value is
2", The maximum signal value is 2. Typical fat finger size is
50 elements. For conservative calculations, the firmware
assumes that the maximum number of elements input to the
calculation is 27 elements. These sizes indicate that each
moment of inertia could be up to 42 (14+14+7+7) bits and
each product of inertia could be up to 43 (42+1 sign bit) bits
long. The eigenvalue calculation requires a square of the
product of inertia resulting in 84 bits. However, the resulting
contact ellipse axis length values are 8 bits, so the 42/43/84
bits of resolution are not truly required to achieve satisfactory
accuracy. Satisfactory results could probably be obtained
with less than 32-bit resolution (possibly as low as 16-bit) for
the moments and products of inertia, for example.
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Embodiments of the present invention, described herein,
include various operations. These operations may be per-
formed by hardware components, software, firmware, or a
combination thereof. As used herein, the term “coupled to”
may mean coupled directly or indirectly through one or more
intervening components. Any of the signals provided over
various buses described herein may be time multiplexed with
other signals and provided over one or more common buses.
Additionally, the interconnection between circuit compo-
nents or blocks may be shown as buses or as single signal
lines. Each of the buses may alternatively be one or more
single signal lines and each of the single signal lines may
alternatively be buses.

Certain embodiments may be implemented as a computer
program product that may include instructions stored on a
computer-readable medium. These instructions may be used
to program a general-purpose or special-purpose processor to
perform the described operations. A computer-readable
medium includes any mechanism for storing or transmitting
information in a form (e.g., software, processing application)
readable by a machine (e.g., a computer). The computer-
readable storage medium may include, but is not limited to,
magnetic storage medium (e.g., floppy diskette); optical stor-
age medium (e.g., CD-ROM); magneto-optical storage
medium; read-only memory (ROM); random-access memory
(RAM); erasable programmable memory (e.g., EPROM and
EEPROM); flash memory, or another type of medium suit-
able for storing electronic instructions. The computer-read-
able transmission medium includes, but is not limited to,
electrical, optical, acoustical, or other form of propagated
signal (e.g., carrier waves, infrared signals, digital signals, or
the like), or another type of medium suitable for transmitting
electronic instructions.

Additionally, some embodiments may be practiced in dis-
tributed computing environments where the computer-read-
able medium is stored on and/or executed by more than one
computer system. In addition, the information transferred
between computer systems may either be pulled or pushed
across the transmission medium connecting the computer
systems.

Although the operations of the method(s) herein are shown
and described in a particular order, the order of the operations
of'each method may be altered so that certain operations may
be performed in an inverse order or so that certain operations
may be performed, at least in part, concurrently with other
operations. In another embodiment, instructions or sub-op-
erations of distinct operations may be in an intermittent and/
or alternating manner.

In the foregoing specification, the invention has been
described with reference to specific exemplary embodiments
thereof. It will, however, be evident that various modifica-
tions and changes may be made thereto without departing
from the broader spirit and scope of the invention as set forth
in the appended claims. The specification and drawings are,
accordingly, to be regarded in an illustrative sense rather than
a restrictive sense.

What is claimed is:
1. A method for calculating a touch orientation of a touch
on a touch-sensing device, the method comprising:

measuring, by a processing device, touch data of a conduc-
tive object on a sense array of the touch-sensing device;

computing, by the processing device, a touch centroid of
the touch from detected touch data;

selecting four or more data points of a touch outline in the
touch data;
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calculating, by the processing device, distances between
the touch centroid and each of the four or more selected
data points of the touch outline;

determining a major axis length for a major axis of the

touch using the largest distance between the touch cen-
troid and each of the four or more selected data points of
the touch outline;

after determining the major axis length of the touch, deter-

mining a width of a signal profile, the width of the signal
profile being a projection of the major axis of the touch
on a first axis corresponding to the touch surface of the
sense array; and

after determining the major axis length of the touch and the

width of the signal profile, determining, by the process-
ing device, a touch orientation of the touch with respect
to the first axis by calculating an inverse trigonometric
function using the width of the signal profile and the
major axis length.

2. The method of claim 1, wherein calculating the inverse
trigonometric function comprises calculating an arccosine of
the width divided by the major axis length.

3. The method of claim 1, wherein the touch data comprises
a two-dimensional (2D) image of the sense array.

4. The method of claim 1, wherein calculating the touch
orientation of the touch further comprises calculating an
aspect ratio ofthe touch outline, equal to the major axis length
divided by the minor axis length, the aspect ratio computed
based on the largest distance and a shortest distance between
the touch centroid and each of the four or more selected data
points of the touch outline.

5. The method of claim 4, wherein calculating the aspect
ratio further comprises:

calculating the major axis length by multiplying the largest

distance by two; and

calculating the minor axis length by multiplying the short-

est distance by two.

6. The method of claim 4, wherein calculating the aspect
ratio further comprises:

calculating the major axis length by multiplying the largest

distance by a first factor; and

calculating the minor axis length by multiplying the short-

est distance by a second factor.

7. The method of claim 4, wherein calculating the aspect
ratio further comprises:

calculating the major axis length of the aspect ratio using

the largest distance; and

calculating the minor axis length of the aspect ratio using

the shortest distance between the touch centroid and
each of the four or more selected data points of the touch
outline.

8. The method of claim 7, wherein calculating the touch
orientation further comprises:
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determining a second width of the signal profile, which is a
projection of the minor axis length on a second axis
corresponding to the touch surface of the sense array;
and

determining whether the touch orientation is 0 degrees or
90 degrees using the first width of the touch in the first
axis and the second width ofthe touch in the second axis,
wherein the touch orientation is 0 degrees when the first
width in the first axis is equal to the minor axis length,
and wherein the touch orientation is 90 degrees when the
second width in the second axis is equal to the major axis
length.

9. An apparatus comprising:

a memory device; and

a processing device coupled to the memory device,
wherein the processing device is configured to detect a
touch from touch data measured on a sense array of a
touch sensing device, and wherein the processing device
is configured to

calculate a touch centroid position of the touch from the
touch data,

select four or more data points of a touch outline in the
touch data,

calculate distances between the touch centroid position and
each of the four or more data points of the touch outline,
and

determine a major axis length for a major axis of the touch
using the largest distance between the touch centroid
position and each of the four or more selected data points
of the touch outline,

after determining the major axis length of the touch, deter-
mine a width of a signal profile of the touch, the width
being a projection of the major axis on a first axis cor-
responding to the touch surface of the sense array, and

after determining the major axis length of the touch and the
width of the signal profile, determine, by the processing
device, a touch orientation of the touch with respect to
the first axis by calculating an inverse trigonometric
function using the width of the signal profile and the
major axis length.

10. The apparatus of claim 9, wherein the processing
device is configured to calculate the touch orientation by
calculating an arccosine of the width divided by the major
axis length.

11. The apparatus of claim 9, wherein the processing
device is further configured to calculate the touch orientation
by calculating an aspect ratio of the touch outline, equal to the
major axis length divided by the minor axis length, the aspect
ratio computed based on the largest distance and a shortest
distance between the touch centroid position and each of the
four or more selected data points of the touch outline.
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